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studying TCM, we aim to highlight the potential for creating 
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/UKL]RPHDQKHUEFRPPRQO\XVHGLQ$XVWUDOLDWRWUHDW
symptoms of menopause and rheumatoid arthritis (28), and 
Leonurus japonicus+RXWWDQKHUEFRPPRQO\XVHGLQ7&0IRU 
gynecology and obstetrics (15, 29$GGLWLRQDOO\ZHSUHYLRXVO\
IRXQGWKDWHWKDQROLFH[WUDFWVIURPXQSURFHVVHGPDLQURRWVRI
Aconitum carmichaeli'HE[KDYHSRWHQWLQYLWURSURƓEURWLF
DFWLYLWLHV15ŋWKLVLVOLNHO\FOLQLFDOO\UHOHYDQWVLQFHFRQVXPSWLRQ
of AconitumVSHFLHVLVNQRZQWRFDXVHDFXWHUHQDOIDLOXUHDQG
KDVEHHQUHFHQWO\OLQNHGWRHQGVWDJHUHQDOGLVHDVH(65'LQ
DFDVHUHSRUWE\WKH8.0HGLFLQHVDQG+HDOWKFDUH3URGXFWV
5HJXODWRU\$JHQF\30
7KHLPSDFWRILGHQWLI\LQJDQGDYRLGLQJH[SRVXUHWRSUR
ƓEURWLFERWDQLFDOVLVSURIRXQG)RULQVWDQFHDERXWRQHWKLUGRI
WKH7DLZDQHVHSRSXODWLRQFRQVXPHG$$FRQWDLQLQJKHUEVEH
WZHHQDQG31),DQG$$1SUHYLRXVO\DFFRXQWHGIRU
XSWRRIDOO(65'LQ7DLZDQ327KHEDQQLQJRI$$FRQ
WDLQLQJKHUEVWRJHWKHUZLWKRWKHUHIIRUWVVXFKDVSXEOLFDZDUH
ness campaigns, education of patients, funding for research 
LQWRFKURQLFNLGQH\GLVHDVHDQGSURYLVLRQRILQWHJUDWHGFDUH
has turned Taiwan into one of the few regions with retarded 
LQFUHDVHRI(65'LQFLGHQFH33
Moving forward
'XHWRWKHFRQWUDGLFWRU\DQGFRPSOH[UROHVERWDQLFDOVSOD\
LQƓEURWLFGLVHDVHVWKHUHLVDQXUJHQWQHHGIRUVWXGLHVWKDWLQ
YHVWLJDWHWKHHIƓFDF\VDIHW\DQGJRRGSUDFWLFHVIRUERWDQLFDO
EDVHGUHPHGLHV
6LQFHƓEURWLFGLVHDVHVDUHPXOWLIDFWRULDOFRQGLWLRQVDQG
ERWDQLFDOVDUHW\SLFDOO\PXOWLWDUJHWHQWLWLHVDQHIƓFDF\EDVHG
VWUDWHJ\LVSDUWLFXODUO\ZHOOVXLWHGIRUVWXG\LQJDQWLƓEURWLF
ERWDQLFDOV)LJXUH
6XFKDVWUDWHJ\LVKLJKO\GHSHQGHQWRQGLVHDVHPRGHOLQJ
,WLVZRUWKHPSKDVL]LQJWKDWLQQRYDWLRQLVQHHGHGWRGHYHORS
KLJKTXDOLW\LQVLOLFR,LQYLWUR,DQGLQYLYRPRGHOVWKDWFDQ
IDFLOLWDWHWKHLQYHVWLJDWLRQRIDQWLƓEURWLFVDQGGHWHFWSURƓEURWLF
DFWLYLWLHV
%HFDXVHHYLGHQFHEDVHGPHGLFLQHLVDUHODWLYHO\QHZ
concept in many countries (34), many clinical reports on herbal 
WUHDWPHQWRIƓEURWLFGLVHDVHVDUHFULWLFL]HGIRUSRRUTXDOLW\
'LVHDVHVIRUZKLFKWKHOLWHUDWXUHKDVEHHQUHFHQWO\UHYLHZHG
LQFOXGHOLYHUƓEURVLV35, 36SXOPRQDU\ƓEURVLV36), multiple 
sclerosis (36DQGDGKHVLYHVPDOOERZHOREVWUXFWLRQ37$Q
HIƓFDF\EDVHGVWUDWHJ\XOWLPDWHO\GHPDQGVKLJKTXDOLW\FOLQL
FDOWULDOVWRSURYHDQWLƓEURWLFHIIHFWVDQGLQYLWHVLQWHUUHJLRQDO
FRRSHUDWLRQRQSKDUPDFRYLJLODQFHRISURƓEURWLFERWDQLFDOV
ZKLFKLVFKDOOHQJLQJGXHWRWKHLQVLGLRXVQDWXUHRIƓEURVLVDQG
WKHYDULDELOLW\LQWKHGLVWULEXWLRQFKDQQHOVDQGOHJDOVWDWXVRI
botanicals across regions (38, 39
)LQDOO\WUDGLWLRQDOXVHLVRQO\DQLQGLFDWLRQEXWFHUWDLQO\QRW
DSURRIRIHLWKHUVDIHW\RUHIƓFDF\407RKDUQHVVDQGXQGHU
VWDQGERWDQLFDOVERWKDVSRWHQWLDODQWLƓEURWLFWKHUDSHXWLFV
DQGIRUWKHSUHYHQWLRQRIƓEURWLFGLVHDVHVIXWXUHUHVHDUFKDQG
LQQRYDWLRQPXVWIRFXVRQHIƓFDF\DQGVDIHW\DQGPXVWEHEXLOW
RQDQGFRQWULEXWHWRJRRGSUDFWLFHVZKLFKZHKDYHUHFHQWO\
GHƓQHGDWOHQJWK41'HYHORSPHQWDQGUHƓQHPHQWRIJRRG
SUDFWLFHVKRZHYHUFDQRQO\EHDFKLHYHGZLWKVXVWDLQDEOH
IXQGLQJ
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i-Needle: Detecting the biological mechanisms of 
acupuncture
A long standing obstacle to the (full) 
integration and acceptance of acupuncture 
LQFRQYHQWLRQDOPHGLFLQHOLHVLQWKHGLIƓFXOW\
RIUHFRQFLOLQJWUDGLWLRQDOO\GHƓQHGFDWHJRULHV
DFXSRLQWVPHULGLDQVDQGHQHUJ\ŴRZRUqi) 
with anatomical structures and biochemical 
SDWKZD\V$GGLWLRQDOO\DXQLƓHGVFLHQWLƓFWKHRU\WRH[SODLQWKH
GLYHUVHHIIHFWVRIDFXSXQFWXUHIURPSDLQFRQWUROWRLPPX
QRPRGXODWLRQLVODFNLQJGHVSLWHLPSRUWDQWDGYDQFHVLQWKH
association of purinergic signaling with the effects of acu
SXQFWXUHRQSDLQFRQWURO$VQHZWHFKQRORJLHVVLPXOWDQHRXVO\
RIIHUHQKDQFHGFDSDFLWLHVWRH[SORUHEUHDGWKXVLQJ
RPLFV
DQGGHSWKXVLQJQDQRELRFKLSVRIELRFKHPLFDOHYHQWVZH
SURSRVHWKHLQQRYDWLYHFRQMXJDWLRQRIWKHVHDSSURDFKHVLQWR
an intelligent needle (iQHHGOHDVDPHDQVWRRYHUFRPHWKH
DERYHPHQWLRQHGOLPLWDWLRQV
Acupuncture is being widely debated in the medical com
PXQLW\DVDSRWHQWLDODOWHUQDWLYHRUFRPSOHPHQWDU\WUHDWPHQW
for many diseases (17KHUHDUHQXPHURXVFKDOOHQJHVWR
DFKLHYLQJDFRQVHQVXVRYHUWKHXVHRIDFXSXQFWXUHLQDPHGL
FDOHQYLURQPHQWLQFOXGLQJƓOOLQJWKHJDSLQNQRZOHGJHDERXW
the underlying molecular mechanisms of acupuncture, and  
(re)interpreting traditional categories (such as acupoints, me
ridians, and qiDQGWKHUDSHXWLFLQGLFDWLRQVZLWKLQDQHYLGHQFH
EDVHGPHGLFLQHIUDPHZRUN,PSRUWDQWTXHVWLRQVDLPHGDWLQ
creasing our understanding of the molecular effects of needle 
VWLPXODWLRQKDYHEHHQSRVHGPRVWO\UHJDUGLQJSDLQFRQWURO
(2IXQFWLRQDOUHFRYHU\RIWLVVXH3), and immunomodulation 
(4ZLWKUHPDUNDEOHZRUNGRQHDVWRWKHFRUUHODWLRQRISDLQ
control with purinergic signaling (5, 68VLQJ
RPLFVEDVHG
WHFKQRORJ\DQGQHWZRUNUHSUHVHQWDWLRQVUHVHDUFKHUVKDYH
successfully mapped the molecular underpinnings of tradi
tional categories (70RUHJHQHUDOO\WKHKROLVWLFPHWKRGXVHG
LQDFXSXQFWXUHZKLFKKDVORQJEHHQGLIƓFXOWWRUHFRQFLOHZLWK
WKHVFLHQWLƓFUHGXFWLRQLVWYLHZSRLQWKDVUHFHQWO\EHHQIRXQG
to be compatible with a systems biology approach (8
'Omics-EDVHGWHFKQLTXHVDUHGLYHUVHDQGDOORZIRUWKH
VFUHHQLQJRIWDUJHWVIURPQXFOHLFDFLGV'1$VHTXHQFLQJ
51$VHTXHQFLQJWRSURWHLQVDQGPHWDEROLWHVPDVVVSHF
trometry/liquid chromatography, nuclear magnetic resonance) 
and their heterogeneous interactions (chromatin immunopre
FLSLWDWLRQVHTXHQFLQJWRQDPHMXVWWKHPDMRUWHFKQRORJLHV
5HFHQWO\ZKROHQHZDUHDVRIH[SORUDWLRQKDYHEHHQRSHQHG
ZLWKPHWDJHQRPLFVDQGPHWDWUDQVFULSWRPLFVZKHUHWKHKRVW
microbiome relationship can be analyzed systemically and in 
VLWX)XUWKHUUDSLGO\GHFUHDVLQJFRVWVDUHSHUPLWWLQJUHVHDUFK
HUVWRSUHƓJXUHUHODWLYHO\KLJKVSDWLDOGLIIHUHQWERG\UHJLRQV
DQGWLVVXHVDQGWHPSRUDOUHVROXWLRQ+HUHZHSURSRVHWR
LQWHJUDWHVXFKKLJKO\UHVROYHGPROHFXODUWHPSRUDODQGVSDWLDO
GDWDWRUHYHDOWKHPROHFXODUVLJQDOLQJSDWKZD\VWKDWŴRZIURP
WKHWLSRIWKHQHHGOHWRWKHGLVHDVHLQMXU\VLWH
Understanding the biochemical signaling pathway that 
the mechanical rotation of an acupuncture needle sets into 
motion (9LVDQLPSRUWDQWVWDUWLQJSRLQW0HFKDQRVHQVLQJ
and mechanotransduction are widespread in biology with 
ZHOODVVHVVHGUHOHYDQFHLQ HPEU\RQLFGHYHORSPHQWLHW\SH
HSLWKHOLDOPHVHQFK\PDOWUDQVLWLRQ(07107KHLUUROHV
KRZHYHUKDYHQRWEHHQZHOOH[SORUHGXQGHUWKHEURDGHU
GHƓQLWLRQRI(0711ŋZKLFKLQFOXGHVHYHQWVVXFKDVZRXQG
KHDOLQJW\SH(07DQGFDQFHUW\SH(07ŋGHVSLWHSURPLV
ing therapeutic results when mechanical stimulation is locally 
applied (12$FXSXQFWXUHQHHGOHVWLPXODWLRQ9) and low 
OHYHOODVHUWKHUDS\13DUHDPRQJWKHWULJJHUVWKDWKDYHEHHQ
VKRZQWRLQLWLDWHDVHULHVRIV\QHUJLVWLFHYHQWVLQFOXGLQJFDO
FLXPZDYHV$73ŴX[HVSXULQHUJLFVLJQDOLQJDQGFKDQJHVLQ
UHDFWLYHR[\JHQDQGQLWURJHQVSHFLHVFRQFHQWUDWLRQNQRZQWR
initiate healing (14, 157KHKRPHRVWDWLFHIIHFWVRIW\SH(07
LQFOXGHORFDOFKDQJHVLQSXULQHUJLFVLJQDOLQJLQŴDPPDWLRQ
FRQWUROUHJHQHUDWLRQDQGUHPRGHOLQJDWWKHVLWHRILQMXU\%\
contrast, acupuncture is recommended for systemic diseases 
OLNHUKHXPDWRLGDUWKULWLV1) and is thought to act in a more 
JOREDOIDVKLRQ
8VLQJWKHIUDPHZRUNZHSURSRVHKHUHZHFDQLQYHVWLJDWH
the long range, systemic effects of mechanotransduction by 
building on what has already been reported about the wound 
KHDOLQJSURFHVVLQFOXGLQJWKHSUHVHQFHRISHULSKHUDOPDUNHUV
RI(0716
7RH[SORUHWKHORQJUDQJHHIIHFWVRIDFXSXQFWXUHPXOWLRPLF
DQDO\VLVRIPROHFXODUHYHQWVŋRFFXUULQJSUR[LPDOO\DFXSRLQW
distally from the stimulation point (target organ), and 
V\VWHPLFDOO\EORRGDQGJDVWURLQWHVWLQDOPLFURELRPHŋFDQEH
used to construct a spatial analysis (177KLVLQIRUPDWLRQFDQ
then be enriched with data about the temporal onset of early 
JHQHH[SUHVVLRQLQDGGLWLRQWRODWHUWLPHSRLQWV)LJXUH$WR
FRQVWUXFWDV\VWHPVELRORJ\YLHZQHWZRUNRIWKHELRFKHPLFDO
HYHQWV
7REXLOGVXFKQHWZRUNVDQGLGHQWLI\QHZWDUJHWVIRUGLDJQR
sis and therapy, computational analysis must bring together 
WKHGLIIHUHQW
RPLFVDSSURDFKHV)LJXUH%FRXSOHGZLWKWKH
requisite temporal and spatial resolution of the data (197KLV
W\SHRIQHWZRUNDSSURDFKFDQLGHQWLI\WKHPRVWLPSRUWDQWPRO
HFXOHVIURPWKHWKRXVDQGVWRWHQVRIWKRXVDQGVRILQWHUDFWLRQV
DQGKXQGUHGVWRWKRXVDQGVRIPROHFXOHVDQDO\]HGDOVRWDNLQJ
into account distal factors that might play a role in causing or 
PRGXODWLQJWKHSDWKRORJLHV
)XUWKHUPRUHWKHLGHQWLƓFDWLRQRIDGGLWLRQDOPDUNHUVLV
made possible with a complementary approach to the high 
Materials that appear in this section were not reviewed or 
assessed by Science Editorial staff, but have been evaluated by 
an international editorial team consisting of experts in traditional 
medicine research.
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WKURXJKSXWDQGORZVHQVLWLYLW\RIWKHVH
RPLFVDQDO\VHV7KLV
can be imagined in the form of a nanobiochip that is the size 
DQGVKDSHRIDQDFXSXQFWXUHQHHGOHKHQFHDQŏLQWHOOLJHQWŐ
needle or iQHHGOH)LJXUH&
7RZDUGWKLVHQGZHUHFHQWO\FUHDWHGDSURRIRISULQFLSOH
PLQLDWXUL]HGSODWIRUPLQWHJUDWLQJUHYROXWLRQDU\FDUERQ
QDQRWXEHVDQGQDQRJUDSKLWHSHWDOVZKLFKFDQPRQLWRUƓYH
HQGRJHQRXVKXPDQPHWDEROLWHVXVLQJKLJKO\VHQVLWLYHDQGVH
OHFWLYHQDQRELRVHQVRUV207KHHOHFWURQLFVQHHGHGWRDFTXLUH
DQGWUDQVIHUWKHGHWHFWHGVLJQDOKDYHDOUHDG\EHHQVXIƓFLHQWO\
miniaturized (21DQGFDQEHSRZHUHGE\XOWUDWKLQSRO\PHU
based batteries (22FXUUHQWO\DYDLODEOHRQWKHPDUNHWDQG
able to meet the energy demands of the proposed iQHHGOH
aŊҊ$K
The challenge for the realization of the iQHHGOHKDVDOUHDG\
PRYHGIURPWKHPLQLDWXUL]DWLRQWRWKHLQWHJUDWLRQVWHS23
Progress has already been made, based on recent reports of 
WKHPHDVXUHPHQWDQGWUDQVPLVVLRQRIWHPSHUDWXUHS+DQG
HQGRJHQRXVPHWDEROLWHGDWDXVLQJVLQJOHSODWIRUPHQ]\PH
carbon nanotube hybrid sensors (24, 25
Conclusions
2YHUDOOLWLVRXUKRSHWKDWWKLVUHVHDUFKFDQSURYLGHDPRUH
XQLƓHGDSSURDFKWRXQGHUVWDQGLQJWKHFRPSOH[QDWXUHRI
SDWLHQWUHVSRQVHVWRDFXSXQFWXUHŋLQFOXGLQJHIIHFWVDVGLYHUVH
DVWKHFRQWURORISDLQGHJHQHUDWLRQDQGLQŴDPPDWLRQŋ
and to addressing fundamental issues in acupuncture 
WUHDWPHQWVXFKDVWKHIUHTXHQF\RIGHOLYHU\GHYHORSLQJ
more precise therapeutic indications, and establishing 
SURSHUŏGRVDJHŐJXLGHOLQHV7KHVHVWHSVZLOOXQGRXEWHGO\
encourage acceptance of acupuncture as a complementary 
DQGRUDOWHUQDWLYHSHUVRQDOL]HGWUHDWPHQWZLWKLPSRUWDQW
DSSOLFDWLRQLQDZLGHYDULHW\RIDUHDVLQFOXGLQJSDLQFRQWURO
DQGGHJHQHUDWLYHDQGFKURQLFLQŴDPPDWRU\GLVHDVHVDPRQJ
RWKHUV
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Purinergic signaling in acupuncture
The proposed role of puriner
gic signaling in the physiological 
EDVLVRIDFXSXQFWXUHZDVƓUVWSUHVHQWHGLQ
'DWDVKRZLQJWKDW$73LVUHOHDVHGIURPNHUDWL
QRF\WHVDQGRWKHUVNLQFHOOVGXULQJDFXSXQFWXUH
WUHDWPHQWVOHQGVZHLJKWRWKLVK\SRWKHVLV$73
LQWXUQDFWLYDWHV3;UHFHSWRUVRQWKHVHQVRU\
QHUYHVLQWKHVNLQZKLFKWKHQWUDQVPLWWKRVH
messages to motor neurons in the brain stem 
that control autonomic functions and modulate 
QRFLFHSWLYHDFWLYLWLHV+HUHZHUHYLHZDQGGH
VFULEHWKHUHFHQWHYLGHQFHIRUSXULQHUJLFVLJQDOLQJ
underlying acupuncture effects and propose ways 
WRIXUWKHUWHVWWKLVK\SRWKHVLV
Introduction 
,WKDVEHHQZHOOHVWDEOLVKHGWKDWDGHQRVLQH
ōWULSKRVSKDWH$73LVDQLQWUDFHOOXODUHQHUJ\
VRXUFHLQFHOOXODUELRFKHPLVWU\,Q%XUQVWRFN
HWDOVXJJHVWHGWKDW$73DFWHGDVDQRQDGUHQHU
gic, noncholinergic neurotransmitter in the gut (1), 
DQGLQKHQDPHGWKHH[WUDFHOOXODUDFWLRQVRI
$73ŏSXULQHUJLFVLJQDOLQJŐVLQFH$73LVDSXULQH
nucleotide), and formulated the purinergic signal
ing hypothesis (2
,Q%XUQVWRFNSURSRVHGWKDWSXULQHUJLF
VLJQDOLQJFRXOGEHLQYROYHGLQWKHSK\VLRORJLFDO
PHFKDQLVPVPHGLDWLQJDFXSXQFWXUHHIIHFWV
This hypothesis suggested that mechanical 
GHIRUPDWLRQRIWKHVNLQE\QHHGOHVRUDSSOLFDWLRQ
of heat or electrical current leads to the release 
RIODUJHDPRXQWVRI$73IURPNHUDWLQRF\WHV
ƓEUREODVWVDQGRWKHUFHOOW\SHVLQVNLQ)LJXUH
7KHUHOHDVHG$73WKHQDFWLYDWHV3;LRQFKDQQHO
UHFHSWRUVRQVHQVRU\QHUYHVZLWKLQWKHVNLQ
DQGWRQJXHWKDWWUDQVPLWPHVVDJHVYLDVHQVRU\
ganglia and the spinal cord to the brain stem 
DQGK\SRWKDODPXV7KHVHEUDLQUHJLRQVFRQWDLQ
motor neurons that control autonomic functions, 
LQFOXGLQJFDUGLRYDVFXODUJDVWURLQWHVWLQDO
UHVSLUDWRU\DQGXULQRJHQLWDODFWLYLWLHVŋFRPPRQ
WDUJHWVRIDFXSXQFWXUHWUHDWPHQWV7KHVHVHQVRU\
neuron messages also modulate the pathways 
WKDWOHDGWRFHQWHUVLQWKHFRUWH[UHVSRQVLEOH
for conscious awareness of pain and other 
FHQWUDOQHUYRXVV\VWHPDFWLYLWLHVLQFOXGLQJVOHHS
regulation (3$QXPEHURIVXEVHTXHQWVWXGLHVKDYHEHHQ
SXEOLVKHGWKDWDOVRLPSOLFDWHSXULQHUJLFVLJQDOLQJLQYDULRXV
DVSHFWVRIDFXSXQFWXUHGHWDLOHGEHORZ
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Supporting evidence for the hypothesis
6WXGLHVWKDWKDYHHVWDEOLVKHGWKHFRPSRQHQWVLQYROYHG
in the purinergic signaling pathway include: (i) release of 
ATP (in response to mechanical or chemical stimulation) 
FIGURE 1. Acupuncture 
and purinergic 
signaling. Insertion 
and twisting of the 
needles employed 
in acupuncture 
mechanically deforms 
the skin, leading to 
the release of ATP by 
skin keratinocytes (1
$73ELQGVWRVSHFLƓF
receptors located on 
sensory nerve endings 
in the skin, P2X3 
and P2X2/3 (27KH
signaling message is 
then relayed via dorsal 
root ganglia to the 
spinal cord (3DQG
subsequently through 
interneuronal pathways 
(4WRWKHEUDLQVWHP
(5WKDWFRQWDLQVPRWRU
neurons, which control 
the functions of gut, 
lung, heart, arteries, 
and reproductive 
RUJDQVŋDOOPDMRU
targets for acupuncture. 
Signals also travel to 
the pain centers of 
the cortex, delivering 
a message to inhibit 
pain (65HSURGXFHG
with permission from 
reference 36
FIGURE 1. Elements of the 
i-needle. (A$YDULHW\RI'omics 
techniques can be used to 
monitor molecular progress 
across body sites and over time. 
The pictured model shows the 
spatiotemporal multi-'omic 
VDPSOLQJRIWKHPROHFXODUŴRZ
of events over the therapy’s 
delivery, from early molecular 
activation at the acupoint to the 
peripheral bloodstream and 
JDVWURLQWHVWLQDO*,PLFURELRPH
ҍELRPHWRXOWLPDWHO\UHDFK
the target organ. (B0XOWL
RPLF
systems biology enables the 
LGHQWLƓFDWLRQRIDQHWZRUNRI
HYHQWVDOORZLQJLQWHUSUHWDWLRQRIDFXSXQFWXUHLQWHUPVRIDELRFKHPLFDOVLJQDOLQJŴRZWKDWDOWHUVWKHZKROHV\VWHPERG\SDWLHQW
1HWZRUNDQDO\VLVDQGVLPXODWLRQVDOORZLGHQWLƓFDWLRQRIPROHFXOHVWKDWFDQEHPRQLWRUHGDVPDUNHUVRIWKHSURJUHVVRIWKHWKHUDS\
(18C'LDJUDPVKRZLQJFDUERQQDQRWXEH&17EDVHGVHQVRULQWHJUDWLRQWRFRQWLQXRXVO\PRQLWRUWKHWKHUDS\LQGXFHGELRFKHPLFDO
progression. Sensors are mounted on an energy-autonomous device that is able to transmit information remotely and in real-time.
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